The study populations consisted of 1,655 working men who had an initial THP-based counseling and a follow-up 3 yr later (the THP group; the counseling was given on a once-three year basis), and 1,655 age-and body mass index (BMI)-matched controls (working men who had no health counseling; the control group). In the THP group, systolic blood pressure (SBP) and the prevalence of excessive alcohol drinking were decreased, and nutritional score was improved, although BMI was increased. In contrast, SBP, BMI and the ratio of excessive drinkers were all increased in the controls. Multiple regression analysis of the THP group showed that the reduction · in SBP was positively associated with the increase in maximal oxygen consumption (VO 2max ) and physical activity scores, as well as the decrease in BMI. In sub-group analyses of the THP group, · VO 2max and physical activity scores were increased, and BMI did not change in the sub-group with marked BP decrease. In the sub-group with marked BP increase, however, BMI was increased, and · VO 2max was decreased. The ratio of excessive drinkers was reduced only in the sub-group with marked BP decrease. The obese-hypertensive subjects in the THP group showed decreases in BMI · and BP, and increases in VO 2max . Thus, these results appeared to suggest that health counseling given even at a low frequency of once in three years prevented the age-associated increase in BP through improvement of physical endurance, decrease in alcohol intake and reduction in body weight.
Introduction
The Ministry of Health, Labour and Welfare, Japan, has been providing 'Total Health Promotion Plan (to be abbreviated as THP)' since 1989 as one of its major projects to improve the health status of workers 1) . The recommended health promotion program approved by the THP consists of health check-ups, lifestyle surveys, and counseling on health, nutrition and physical exercise, which are offered to all workers every year so that each worker can develop healthier lifestyles based on his/her own health records. According to the results of the survey on employee's health in 2002, various types of health promotion programs have been introduced in 95.0% of large enterprises (with1,000 to 4,999 workers), 53.7% of medium ones (with 50 to 999 workers) and 43.8% of small ones (with 30 to 49 workers) in Japan 2) . Implementation of THP at the sites of work is expected to improve medical parameters [such as blood pressure (BP) and body weight], to promote healthier lifestyles, and thus to reduce disease risks. For example, Furuki et al. 3) reported that lifestyle improvement through annual THP resulted in a decrease in body mass index (BMI) followed by improvement of medical parameters. Nevertheless, it is difficult for small-scale enterprises to find incentives for implementing THP. The expected beneficial effects of THP remain yet to be elucidated in full, as to be discussed later.
In the company studied, the health counseling (by personto-person interview in principle, as a part of THP service) was offered to workers on a once-three year basis, although the counseling by interview is ordinarily to be given to all employees every year. The present study was initiated to investigate if the counseling on health, nutrition and physical exercise even at a reduced frequency of once every three years is beneficial to improve health of workers in terms of BP and body weight.
Subjects and Methods

Background
The company studied had 2,339 employees (men and women in combination), and was located in Kyoto city, Japan. In each year, the standard THP as previously stated was offered to one third of the workers, so that each worker underwent health counseling once in three years. Information on health status was, however, given to each worker even in the years when he/she had health check-up only with no detailed health counseling. In addition, health-related information such as lifestyle ranking (e.g., the rank in the smoking ratio) among plants of the company had been supplied in the workplaces. The relationship between the prevalence of lifestyle-related diseases and the results of the questionnaire survey on health-related behaviors was also shown on the work-site display boards. Moreover, each worker was given a copy of the previous health counseling record to recall the memory, and to check his/her memory to build up and maintain beneficial lifestyles.
Subjects
The subjects of the THP group were male workers in the company who had an initial THP from 1998 to 2000 and a follow-up THP from 2001 to 2003 (the total working men in the company; the THP group). In practice, 1,655 cases were available. Age-and body mass index (BMI)-matched control cases (1,655 men; the control group) were selected from 4,912 male workers in two large companies (with >1,000 workers/company) which did not implement THP. The two companies were also located in Kyoto city. Thus, the control subjects also had health check-up annually but no THP-based counseling; the 1998-2000 data and 2001-2003 data, respectively, were taken as the results of the initial  and follow-up examinations. The company, where the THP group was, produced electronic equipments, graphic arts and desk-top publication equipments (such as flat panel display). The companies, where the control subjects were, produced electronic equipments, IC parts, and fine ceramics. Most of the subjects were production line workers both in the THP group and the control group, but office workers were also included in both groups. The workers with a history of cardio-vascular or cerebro-vascular diseases, or under treatment with antihypertensive drugs were excluded from both groups.
Health counseling
In the THP service, health counseling on an individual basis was given on physical exercise (e.g., the evaluation of results of physical capacity measurements and recommendation of further practice of physical exercise if necessary), on nutrition (e.g., recommendation of wellbalanced meals, or reduction of alcohol intake) and on health as a whole (e.g., evaluation of health check-up results such as serum biochemistry). The counseling usually took about 30 min per person.
Health examinations
The examinations were conducted in rooms in the workplaces. The examination included the measurements of height (H), body weight, systolic and diastolic blood pressures (SBP and DBP; mmHg), pulse rate (PR; bpm), tests of physical strength [including maximal oxygen · consumption (VO 2max in ml/kg/min), grasping power (dominant hand), ability of anteflexion, and general reaction time], and questionnaires. BMI was expressed as body weight (W; in kilograms) divided by square of H (in meters), i.e., B/H 2 . Mean blood pressure (MBP) was expressed as DBP
The questionnaires consisted of 58 items including 10 questions on dietary habits, 6 on physical exercise habits and 42 on others such as work style, alcohol consumption, smoking habits, stress levels, as detailed previously 3) . Each lifestyle was scored regarding healthy behavior; a desirable answer to a question was given one point and an undesirable one zero, and the sum made up the score. Items on exercise habits in the questionnaires were 'Walking to the workplace for more than 30 min', 'Attending an physical exercise salon', 'Sporting (including golf and jogging) regularly', 'Walking often', 'Having physical exercise more than twice a week' and 'Standing while working'. The items on dietary habits were 'Having breakfast every morning', 'Paying attention to wellbalanced nutrition', 'Not to eat too much', 'Frequent intake of dietary fiber, green-yellow vegetables, fruits and milk', 'Reducing salt intake', 'Limited intake of instant foods (fast or pre-cooked foods)' and 'Relaxation while taking meals'.
Ethical issue
The study protocol was approved by the Ethical Committee of Kyoto Industrial Health Association, Kyoto, Japan.
Statistical analysis
Data were expressed as means ± standard deviations in principle. Some data such as smoking (cigarette/day) and drinking (g ethanol/day) were presented as means and medians with due consideration of skewness in the distribution pattern. Student's t-test (either paired or unpaired), Mann-Whitney test, Wilcoxon test and chi-squares test were employed as necessary. Data were processed by use of StatView Version 5.0. Non-smokers included both never smokers and ex-smokers. Excessive drinkers were defined as those who took more than 22 g ethanol per day.
Stratified (by decade of years of age) random sampling strategy was employed for selection of 1,655 controls for comparison with 1,655 THP cases and also for selection of 171 cases with marked increase in BP to compare with 171 cases with BP decrease. Thus THP and control cases or cases with increased and decreased BP were matched on a group basis, but not on an individual basis.
Results
Baseline clinical characteristics of the THP and control groups are presented in Table 1 . The two groups were well matched in terms of age, BMI and BP, and there were no significant differences (p≥0.05) between the two groups in the baseline characteristics except for smoking and drinking habits. Table 2 shows the changes in clinical characteristics of the THP group during the 3-yr period from the initial to the follow-up examinations. Cigarette and alcohol consumptions (p<0.01), drinking ratio (p<0.01) and the ratio of excessive drinkers (p<0.01) were decreased, and nutritional scores were improved (p<0.01), although BMI was significantly (p<0.01) increased in the THP group. Grasping power was reduced (p<0.01), while ability of anteflexion (p<0.01) and general reaction time (p<0.01) were improved. Similar to the THP group, BMI was increased (p<0.01) and cigarette consumption (p<0.01) was decreased in the control group. In contrast to the THP group, however, alcohol consumption (p<0.01) and the ratio of excessive drinkers (p<0.01) were increased in the control group (Table 3) .
SBP was significantly decreased during the 3-yr period (p<0.01; Fig. 1 and Table 2 ), whereas MBP stayed essentially Table 2 ). In contrast, SBP and MBP were increased in the control group (p<0.01; Fig. 1 and Table 3 ). The increase in DBP was smaller in the THP group than in the control group (Fig. 1 ). The decrease of follow-up values for SBP, DBP and MBP from the corresponding initial values (i.e., ∆SBP, ∆DBP and ∆MBP) were all significantly (p<0.01) greater in the THP group than in the control group as examined by un-paired t-test and Mann-Whitney test (Fig. 1 ).
Multiple regression analysis was performed in the THP group to examine the parameters which affected the change in BP. In the analysis, ∆SBP was taken as a dependent variable · and ∆BMI, ∆VO 2max , ∆general reaction time and ∆physical activity scores, ∆cigarette consumption, ∆alcohol consumption, ∆physical exercise scores, ∆nutrition scores, ∆stress scores and other variables were taken as independent variables (∆standing for the value at the follow-up minus the initial value), among which the first four variables are shown in Table 4 , as the partial correlation coefficients for these variables were statistically significant (p<0.05). Thus, the · elevation in SBP was associated negatively with ∆VO 2max , ∆general reaction time and ∆physical activity scores (p<0.01 to 0.05, Table 4 ), and positively with ∆BMI (p<0.01).
In a further analysis, it was observed that 171 workers in the THP group showed a remarkable increase (by >10 mmHg) in SBP in the 3-yr period. To make comparison, 171 workers with remarkable decrease (by >10 mmHg) in SBP were selected from the THP cases; matching was made for decade of years of age and BMI. No significant differences (p≥0.05) were observed in the initial values of the two groups not only in ages and BMI, but in other items such as blood pressures, skinfold thickness, smoking and drinking habits, and physical activity scores ( Table 5 ). The observation suggest that the two groups were comparable at the initial stage. In the 3-yr period, skin-fold thickness of the arm · was decreased (p<0.05), and VO 2max (p<0.01) and physical activity scores (p<0.05) were increased in the sub-group with marked SBP decrease, while BMI did not change. In contrast, BMI (p<0.01) and skin-fold thickness of the arm · (although insignificantly) were increased, and VO 2max (p<0.01) was decreased in the sub-group with marked SBP increase. Alcohol consumption (p<0.01) was decreased, and the ratio of excessive drinkers tended to be decreased (although insignificantly) only in the sub-group with marked BP decrease.
To examine if the counseling contributed to improve the obesity and hypertension, workers in the THP group with BMI ≥25 kg/m 2 and SBP ≥140 mmHg and/or DBP ≥90 mmHg at the initial examination were selected as obesehypertensives. In practice, 104 subjects met the selection criteria, and they were subjected to the analysis (Table 6 ). It was observed that BMI (p<0.05), SBP (p<0.01), DBP · (p<0.05) and MBP (p<0.01) were decreased, and VO 2max (p<0.01) was increased in the 3-yr period. Alcohol consumptions (p<0.05) and drinking ratio (p<0.05) were decreased.
Discussion
In the present study, the effects of the THP-based counseling were studied on health, nutrition and physical exercise in general, and BP in particular. It should be added that the frequency of the counseling in the present study was lower than the ordinary THP. Nevertheless, the health counseling was associated with reduction in SBP during the 3-yr period in the THP group (Table 2 ). In contrast, SBP was increased in the control group (Table 3) . BMI and · physical strength (such as VO 2max ) influenced significantly the reduction in SBP (Table 4) . No increases in BMI and skin-fold thickness of the arm were observed among those whose SBP levels were decreased in the 3-yr THP period (Table 5) . Furthermore, both SBP and MBP were reduced among the obese-hypertensives after health counseling, and the changes were coupled with decreased BMI and reduced alcohol intake (Table 6 ), the items among the targets of THP activities. These findings are medically consistent with each other and, as a whole, suggest that the counseling on health, nutrition and physical exercise appears to have contributed to suppress the age-associated increase in BP, although the counseling was given at the frequency less than ordinary.
It appears that this is the first successful analyses to show possible beneficial effects of health counseling on BP even given at a lower frequency; ordinary THP service is to be given to all employees every year 3) . Small-scale companies in Japan have only limited resources for health promotion 4) . Practice of a low frequency health counseling program such as the present one is less expensive than the ordinary program of annual counseling. This program therefore could be recommended to small-scale companies in particular. The literature survey for full publications on the expected beneficial effects of THP was not very productive, and only limited numbers of papers 3, [5] [6] [7] could be retrieved. Furthermore, most studies were on the programs conducted in large-scale companies 5, 6) , although the importance of activities in small-scale companies was stressed 7) . It was not possible, therefore, to make comparative evaluation of the present results with findings in previous reports, e.g., if ordinary THP is more effective than the THP practiced in the present study, if THP is equally effective irrespective of the size of companies, or if specific approach may be necessary depending on the company size.
According to the national health and nutrition survey in Japan in 2003 8) , prevalence of obesity (with BMI greater than 25 kg/m 2 ) among men is in excess of 30% at 30-69 yr of age, and the prevalence at each age has been increasing year by year. It is well known that effective prevention of metabolic syndrome contributes substantially to the reduction of cardiovascular diseases 9) . Previous studies have suggested that accumulation of visceral fat is an important cause underlying the onset of several risk factors 10) . It was observed in the Framingham heart study 11) that SBP was increased until 80 yr of age, while DBP started to be decreased after 50 yr of age. In 30 to 49 yr of age, an increase in peripheral vessel resistance would induce elevation of SBP and DBP. After 50 yr of age, a decrease in aortic elasticity would cause an increase in SBP and a decrease in DBP 11) . Mortality from strokes and cardiovascular diseases gradually rises in pace with an increase in BP level 12) . Moreover, epidemiological 13) . It is thus important to investigate the effect of low frequency health counseling on BMI (as a marker of body fat accumulation) and on BP especially SBP.
The national guideline in Japan, "Kenko Nippon 21 (National Health Promotion Movement in the 21st Century, or Healthy Japan 21 in short)" recommends lifestyle improvements such as weight reduction, decrease in sodium intake, increase in potassium intake, and more physical exercise as first-step practice for prevention of hypertension 14) . There have been many reports on the effects of life-style modification on BP [15] [16] [17] [18] . The intake of DASH (Dietary Approaches to Stop Hypertension) diet, which is rich in fruits, vegetables and low-fat dairy foods, coupled with reduced sodium intake has been recommended to control BP 15) . With regard to physical exercise, Hayashi et al. has reported that a walk to work for 21 min or more reduces the risk of hypertension by 29% compared with a walk for 10 min or less 16) . Similarly, Fukabori et al. observed favorable effects of walking (20 min walking on a treadmill, 3 times a week for 6 months) on BP among male workers 19) . Furthermore, Moriguchi et al. observed that regular physical exercise (mild bicycle exercise for 60 min, twice a week) improved flow-mediated dilatation of blood vessels to reduce BP among subjects with mild hypertension 20) . Although it was out of the aims of the present study to elucidate the mechanisms by which the present low frequency health counseling contributed to reduce BP, the results obtained suggest several possibilities. The elevation of SBP · was negatively associated with changes in VO 2max , general reaction time and physical activity scores, and positively with the increase in BMI in the multiple regression analysis · of the THP group. Lower VO 2max level is related to higher · incidence of hypertension, and an improved VO 2max would be able to suppress the age-associated increase in SBP 21) . In general, decreased plasma volume and peripheral resistance via a decreased level of sympathetic nerve activity are the major anti-hypertensive mechanisms induced by · regular physical exercise 22) . Changes in VO 2max and physical activity scores were negatively related to changes in SBP in the THP group (Table 4 ). The observation suggests that the present health counseling might have favorably affected their daily physical activities. Reductions in body weight and body fat are known to decrease BP 17) , whereas accumulation of visceral fat will induce insulin resistance 23) . Moreover, it has been reported that mild physical exercise increases the insulin sensitivity in hypertensive subjects 24) . Although parameters concerning insulin sensitivity were not studied in the present study, it is possible that the reduction in insulin resistance through body weight control, and exercise habit might have contributed to the reduction of SBP in the THP group.
In the present study, changes in general reaction time correlated negatively with changes in SBP (Table 4) . General reaction time is a parameter of quick movement. Since there has been no evidence for relationship between the decrease in BP and the reduction in ability for quick movement, there may be no causative relationship between these parameters.
In the sub-group analyses in the THP group, BMI was not increased, skin-fold thickness of the arm was decreased, · and VO 2max and physical activity scores were increased in the group with marked BP decrease ( Table 5 ). BMI was · increased and VO 2max were decreased in the group with marked BP increase. These findings are in agreement with the results of the multiple regression analysis (Table 4) , which show the combined effects of the decrease in body fat and the increase in the ability for physical endurance on SBP in the THP group. Although BMI increased in the THP group in the 3-yr period (Table 2) , the multiple regression analysis (Table 4 ) and the sub-group analysis (Table 5) showed beneficial effects of body weight control on BP reduction. Among the obese hypertensive subjects in the THP group, the decrease in BMI in the 3-yr period was accompanied by BP reduction (Table 6 ). Thus, the health counseling may be effective especially for the workers whose BP and BMI were relatively high at the time of the initial examination.
In the present study, the alcohol consumption and the excessive drinker ratio were decreased only in the THP group (Tables 2 and 3 ). Moreover, in the sub-group analyses in the THP group, the alcohol consumption was decreased and the excessive drinker ratio also tended to be decreased only in the group with marked BP decrease. It has been reported that a reduction in alcohol intake among heavy drinkers significantly reduces BP 18) . Therefore, it is possible that the health counseling might have reduced BP, at least in part, through reduction in alcohol consumption especially among excessive drinkers. Although the level of DBP increase was less in the THP group than in the control group, the health counseling could not induce a decrease in DBP in the THP group. It was reported that intervention to modify lifestyle could not promote long-lasting behavioral changes and therefore was less effective than drug therapy for treatment of mild diastolic hypertension 25) . It is thus rather conceivable that the present health counseling was more effective in reducing SBP than in reducing DBP.
One of the major detractions of the present analysis is that the survey was not a randomized controlled trial in its design; the subjects in the THP and control groups were in separate companies. Thus, they were not from the same population in this sense, although all companies were in the same city. In practice, it is quite difficult to obtain the control subjects in the company where the THP has been implemented, because all employees in a company are expected to have the same occupational health service. It should be noted that the present study was conducted under such limitation. There were several other limitations in the present study. Since no overnight fasting was practiced for blood examination in both groups, the serum biochemistry data were not evaluated. Consequently it was not possible to investigate the effects of the health counseling on several factors such as lipid profile and plasma glucose. In both of the two companies where the control subjects were, healthrelated seminars were given to the workers. It is possible therefore that such seminars had affected the lifestyles of the control subjects, e.g., smoking habits. According to the results of the national health and nutrition survey in Japan in 2003 8) , the smoking ratio among men has been decreasing nation-widely, and such general trends in society might also have affected the study results.
In conclusion, health counseling given even at low frequency suppressed the age-associated increase in BP. The improvement in ability for physical endurance, reduction in alcohol intake and body weight control in combination might have contributed to the decrease in SBP in the THP group. Considering the importance of BP control in cardiovascular events, this low frequency health counseling may suggest a new low-cost strategy in workplaces for the prevention of future atherosclerotic diseases.
